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- ON
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RICHARD CHAIT

It is a pleasure to be with you today to give you some
details of the United States Army’s Composite Materials
Program. My talk is entitled "Utilization of Composite
Materials by the U.S. Army ... A Look Ahead." (VG #1)

The message I would like to leave with you is that the Arm

is very serious about the application of composite materiels
as it moves to become mére and more of a high-tech Army. The
value of delivering the right technology at the right time
and at an affordable price (VG #2) certainly was brought home
during the Gulf Crisis. Prior to detailing the Army’s pro-
gram on composite materials by commodity or mission areas, I
would first like to show how composite materials fits into
technology planning éfforts. I will also cover important
efforts to document design allowable information, supporting
research, and some notional agplicatidﬂd“fﬁr composite
materials. This outline grov des the chronological order for
the various sections of the talk (VG #3).

Regarding technology planning, the Army has several active
efforts, e.g. Tech Base Master Plan (VG #4-6) and the
Strategic Technolo3ies for the Army or STAR Study that the
National Academy of Sciences has undertaken (VG ¥7~8). In
both instances the importance of advanced materials and
particularly composite materials is seen.

One can look at the use of composite materials by commodit{
or mission area (VG #9). Let’s start first by looking at the
most important system in the U.S. Army, The Secldier.

SOLDIER -- Toda{, Kevlar fiber plays a significant role
in both vests and helmets used for ballistic grotection

(VG #10-11). Tomorrow’s helmet may be even stronger and
lighter with the use of newer fibers such as the SPECTRA 900
fiber (VG #12-13).

GROUND VEHICLES -- Most recognize the Bradley Fighting
Vehicle but what is different about this demonstration
vehicle is the hull - it is made of fiberglass composite
(VG #14-15). Advantages are numerous (VG #16). Plans call
for this technology to be utilized in the fabrication of
another hull, this time for a heavier vehicle, in the 50-55
ton range (VG #17-18). Other applications of composite
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materials for ground vehicles are thc Rl&l driver'u seat

(VG #19), road whhalariﬂa $20), b Qgg ne air plenun
assembly (V8 #21), powsr pack container . various
components of the' S<ton tfuék éva $23), bridginq (VG #24)
and tanker applications (VG #2

AIRCRAFT ~- The use of comp o
noteworthy in aviaeian. The
natcriala is :aui zed in the rncenti

RAH-66 ran i 36) . ‘Intense prior
gg:hgggy : ésvalg;:agg -uaata: 2:“"‘ dvanced Compos
Airfraat am, played a major rols in thi L Proqran (Ve

&3 Use of compouites in the Comanclie is sovered in full
tail (ve izs-sﬁr. It should ba notad that a strong in- :
housa research and development capablility ocontributed signi-
f%gag§%¥§}? the application of eanpalitas of Army airoraft

NISSILES AND NUNITIONS -« The -use Of & "ﬁitc naterials
for application to rocket metor uses, wings, ins and casings
is under aavelapaiﬁt {?ﬁ i§ti§6)-r :

» sigi'nlgaginxl é:sgha abilttx

Important to the use: ‘of com
obtain and document preparties lmptrt gn.
has been very active in the NIl- =17 affort to !crnulate
the basis tor obtainin aiiiga aliowable deta of important
site materials. Various working groups stress the
importance of standardizing mechanical tests, statistical
analysis and chemical characterization (VG #37). Three
volumes of MIL=-HDBK-17 (VG #38) present the delinét, the
data and utilization of the data et various important
materials (V¢ #39).

Complimenting the Aray’s in-<house research te support much of
the above davelopmental work is the affort Of the Army
Research Office’s Bnivn ity Research Initiative program.
For example, the UR grsg s at the University of Delaware,
davulapins 2»n cure Bim ation analysis to predict tempera-
ture and sred of cure within given cross-sections $40
& 41), was important to the processing of thiek section
composite nmaterials for ground vehigle hull iggllcatibn.

In addition to avarai vgtaaﬁitt fellcwships ahnd conducting
workshops or sympol the 0&1?&:&ik¥ ‘of Delaware
conducts other pr area of Ssite material
rocessing (V6 anuia&b Biﬁqii investiga ta:jg rograns

VG #47), funded b aluo contribute significantly to
the ¢ site natsrigln knowledge base. Looking into the
future for notional agplieatiéna, one could viaualina snart
composite materials that would control vibrations in Army
Alrcraftt (VG $#18=50).




To summarize (VG #51), composite materials are an ingortant
segment of the Army’s research, development, and engineering
picture. Because of the diverse Army mission, composite
materials may find application in any number of mission
areas. Because of the uncertain funding profile, it is

more imgortant than ever that technology planning provide
the basis for effective prioritization and leveraging of

the tech base efforts involving advanced materials.
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MATERIEL COMMAND

™\
OUTLINE
I. Introductory Comments
II. Mission Area Utilization
III. Design Allowable Handbook
IV. Supporting Research
V. Future Concepts
VI. Concluding Comments
_\ v,
VG #3
f

ARMY TECHNOLOGY BASE MASTER PLAN

e TECHNOLOGY BASE INVESTMENT STRATEGY

e RESEARCH AND DEVELOPMENT BALANCE

e FOCUS ON CRITICAL/KEY EMERGING TECHNOLOGIES

o SPEEDING TECHNOLOGY TRANSITION

o LEVERAGING SCIENCE AND TECHNOLOGY OUTSIDE THE ARMY
e QUALITY SCIENTISTS AND ENGINEERS

SCIENCE AND TECHNOLOGY SUPERIORITY:

OUR INVESTMENT IN SHAPING THE FUTURE
AND COMPETING SUCCESSFULLY

VG #4
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An Independent Adviser to the Army:

Introducilon

Advice Is avt & rare commodity,
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of advice, er. are Jevernuned

1 99, but radier by thie
Iwrails,

TIe maln contedss e to Juidne e

Wuahity of advice are the eapene,
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U.S. ARMY MATERIEL COMMAND
QFFICE OF THE CHIEF SCIENTIST

VG #8
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LIGHTENING THE FORCE

‘V,po

(Body Armor, Bridging,

Portable Shelters)

Close Combat Heavy
(Armor, Mine-Blast Resistance)

Combat Support
(Bridging)

/

ADVANCED COMPOSITES

/

Fire Support

(Structural Armor, Body Armor,
Protective Clothing) (Aviaﬁon

Controlied Radar Signature)

\

Alr Defense
(High Mobiiity Vehicies,
Helicopters)

VG #9
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MATERIALS ENABLING TECHNOLOGY

COMBAT VEHICLE COMPOSITE HULL .

LABORATORY COMMAND

MATERIALS TECHMOLOGY LABORATORY
DESCRIPTION

* THICK-LAMINATE HI-GLASS CONTENT
COMPOSITE MOLDED HULL
+ 3 STREAMLINED MOLDED PARTS
REPLACE 23 WELDED METAL PLATES
BLAST-RESIST. COMPOSITE FLOOR
CERAMIC/COMPOS. & EXPANDED
METAL/COMPOS. SIDE ARMOR
PROGRAM:FABRICATE, 6000 mi. TEST,
COST EST., PROVIDE SYSTEMS
DEVELOPERS WITH MAT'LS SPECS.

VALUE ADDED

« 25% WT SAVING (hull & armor)
EQUAL BALLISTIC PROTECTION
REDUCED SPALL (Survivability)
NO CORROSION (Maintainabllity)
SIGNATURE REDUCTION
REDUCED LIFE CYCLE COST
LOGISTICS IMPROVEMENTS
MOBILITY
TRANSPORTABILITY
LESS FUEL CONSUMPTION

3

STATUS

- PH. 1 DONE, ON TIME, IN BUDGET

« STRUCTURAL ANALYSIS DONE,
CONCEPT SELECTED: 25% WT SAV.

« FULL-SCALE STRUCT. & BALLISTIC
SPECIMENS MET PERFORM. REQUIRE.

« PH. 2 TOOLING DESIGN UNDERWAY

\_

FY89-94 PLANS

» HULL FABRIC. & TEST- mid '89

+ FLAMMABILITY CHARACT. - mid '89

. MMT®*AUTOMATED FABRIC. - FY91

*(not funded)

INSTALLATION ON VEHICLE FOR
6000 mi. FIELD TEST - mid FY91

+» MATERIALS PROCESS. & SPEC.

DATA TO TACOM - FY91

_/

VG #16
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Composite Hull Program

VG #17

f COMPOSITE HULL PROGRAM
Hull Exploded

A THRMIN MODULES FOR
RN (R STOWAGE

.
% a SIEEL SUSKTRUCSUR:

% “‘% o +MC/MTL
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VG #21

COMPOSITE FULL-UP POWER PACK CONTAINER

A AT R SR

2000 POUND WEIGHT SAVINGS
COMPARED TO METAL DESIGN

VG #22
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AVIATION

LH Material Utilization

® Rubber 4.4%

s Transparencies 2.0%
e Adhesives 1.5%

o Miscellaneous 1.1%

OTHER MATERIALS

2 Other
2.5%

Percentage of Weight of Materials Used (Aircraft Weight)

VG #28
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MG gmgbaam 10-2.34  thermeplastic
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Pre Ballistic Fatigue
Damage (12.7mm)
Post-Ballistic Fatigue
Repair

Post-Repair Fatigue

T e es Wet e wiee e wae SO W50 Mat DT wee ms
Appied 00d - 1B

\ T (T I /

PORTABLE FIELD REPAIR SYSTEM (CRDA) ‘

FLEXIBLE HEAD TEMP. DISTRIBUTION TEST
Tout #4: ¥ Pad w/ Geatoll & Screen

RESULTS: I
» TEMPERATURE DISTRIBUTION TESTS: g " .
o UNFORM TEMPERATURE PROFILE ACROSS PAD. £ | ™
o RESIDUAL NEATING SUTSIDE PAD REGION im e
100 ia———-mmmus - _.____D‘|>x
o TENSILE COUPON TESTING: ol
. mmllmimnw‘? 'mm 7§ mmm 99721754 ; 34 6C-5950 /A Adweive
¢ SHEAR PANEL REPAIR: ,,
o REPAIRS WITH INDUCTIGN NEATING ANO
HEAT BUVIKEY TECHWIOUES
o FARLURE COMPARISONS OF UNDAMAGED,
DAMASED, AND REPARED PANGLS
VG #33
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o Hypervelocity Structural Development includes a
fam%of Composite Motorcases from SPIKE to
ADKEM with velocity capabilities up to 2000 m/s.

| aia Sy oo

¢ Kinetic Energy Penetrator Lethalit%v_Test
Vebhicles for performing Full Scale Tests.

e Composite Motorcase Development for
Insensitive Munitions Tests on SHRIKE,
HELLFIRE, and AAWS-M Systems.

¢ Development of Composite Missile Subsystem
Proto such as Wings, Fins, Storage Bottles, |
Blast Shields, and Nozzles. '




COMPOSITE USE
IN MUNITIONS

O Casings for Improved Conventional Munitions

Composite Casing

Bottom of round
falls off to release
submunitions

Submunitions

(bomblets, grenades,
mines, etc.)
O SABOTS SABOTS —P/ Long Rod Penetrator
\ *%

IN THE TUBE % AFTER EXITING THE TUBE
\_ " )

U.&Mi’munmcoumn N

DoD

Coordination G

Working Groups

Guidelines . Testing Materials & Chemical Statistics
Processes Characterization

. Data Review Filament Braiding Thick Joints
Winding Sections

\_

k‘ September 1891 -- Now J

VG #37
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MATERIEL COMMAND

MIL-HDBK-17
POLYMER MATRIX COMPOSITES

O MIL-HDBK-17, Guidelines for Generating Material Property Data
@ Release: |
® 90% complete _

O MIL-HDBK-17-2B. Material Property Data
® Release: |

® 13 materials plus all current MIL-HDBK-17A data
O MIL-HDBK-17-3C, Utilization of Data

@ Release:

@ 60% complete

VOLUME 2
Received Approved
Carbon/Epoxy 39 10
Carbon/Bismaleimide 4 4
Aramid/Epoxy 2
Glass/Epoxy 1
Carbon/PEEK 2 1
Carbon/Polyimide 1 1
Quartz/Bismaleimide 1 1
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GLASS POLYESTER

~
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CURE PRO

DEGREE OF

VG #41

L. PASE 1S
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URI CENTER ON MANUFACTURING SCIENCE, )

RELIABILITY AND MAINTAINABILITY

RESEARCH ACCOMPLISHMENTS " FY 1986 - FY 1991
«STOCHABTIC MODEL FOR PREDICTING CURE FU:(?(I)NG

IN THICKX SECTION COMPOSITES

*PERFORMANCE MAPS FOR DESIGN/MANUFAC- FY8s - FYoo Fye1

TURE OF 3-D TEXTAL.E COMPOSITES ACTUAL PROJECTED
«CONCURRENT ENGINEERING DESIGN a6 s708

RESEARCH ;
METHODOLOGY FELLOWSHIPS § 819 $ 0
+COMPREHENSIVE MODEL FOR THERMO- EQUIPMENT $1,019 )
PLASTIC FILAMENT WINDING
TECHNOLOGY TRANSFER EDUCATION

*IMPROVED CURE CYCLE FOR COMPOSITES +15 GRADUATE FELLOWSHIPS AWARDED

IN ADVANCED INFANTRY FIGHTING 8 PhDS, 1 MS EARNED

VEMICLE (FMC, MTL) *OVER 50 RESEARCH PAPERS PUBLISHED
*CONCURRENT ENGINEERING APPROACH FOR *WORKSHOPS, SYMPOSIUMS, COURSES FOR
COMPOSITES IN MISSILE COMPONENTS DOD PERSONNEL

(MICOM): *RESIDENCY PROGRAM FOR ARMY SCIENTISTS
*DESIGN OF COMPOSITE AIR CREW MASK +3 ARMY OFFICERS PURSUING ADVANCED
COMPONENTS (CRDEC) DEGREES
*COMPOSITE LIGHTWEIGHT TRAILER DESIGN

(TACOM, SANDAIRE CORP)
; . - J

VG #42

Proées_slng-lnduced Stress an Deforation in Thick-
Section Thermosetting Composites

T. A. Bogettl (Ph.D. ME) Advisor: J. W. Giltespie, Jr.

VISCOELASTIC STRESS/STRAIN
CONSTITUTIVE MODEL

Honlaothermal, snisotropio sk ~2/train reletion:

2218150 Gl Fise) et e

me for g Mslory
elsaen

Whers ¢{1) ta tsmpersiure snd dugres of cure dependent.

INCREMENTAL FINITE ELEMENT APPROACH

FAleduce the soluilen 1o the svp of
wlastic partial siress components:

e fttamaam
Where the history depandence Is recoversd by

Wl ["sun.mtsud-
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Microstructure-Proper*y-Fa|Iure Relatlonshlps for 3-D

Woven Composites

B. LaMattina (M. ME) Advisor: A. Parvizi-Majidi

* Provide on mﬁ-ﬂﬁli
microsirugiurs. ‘"
reintionships

Develop snd
. Iwumem’nlhl.

OBJECTIVES

for 3-0 woven mul.
study RTW procsesing

:I ':F'I:'cmuhu o
of wenve geometry.

PHOTOMICROGRAPHS

3-D ANGLE INTERLOCK WEAVE

MODULI VS. WARP ANGLE

Reed

WEAVING LOOM 1

Shultle

"e —e £,

eat-Up Mechanism ol

Woven Preform »l.

Modull (GPs)

. A 1 I '
. » .« " [ ] L]

Woerp Angle (Segress)

Wi o e L

——
PIEAR A e

Desngn and Automated Fabr:catlon of 3-D Brauded
Preforms for Structural Composites

T. D. Kostar (M. ME) Advisor: T-W. Chou

BACKGROUND GOALS
T g e e s Pty stomats 39 wtargpscot.
hreugh-Th model o reiste spersiing
- ::3"""':.” ’ te prevent cmﬂ“m’:'l:'p-r:um orenlbn":r-.
« The ebllity to fabricats beth thick and sempiex shapes . m'“' trol Seftwars 1o silow fer taliored
- Hat-shape preforming capsbliity ign of pniorm shape and microstructure,
The much nesded resesrch in the tellowing aress Is under wey.
» Automeled Preform Fabricstion
» Preform Con: n
« Compostis Propavty Pradictions
This pressnt resasrch fec the sutomated, intelligent
fabrication of mmm" ” ’r';.nn for Gm
PROCESS MODELING
- < Relation:
mmmﬂ'mn Piich,
Orlentation and
- Fiber Volume mlltn
unti oot
yorn tow
a: srentstion engle
: piich longth
y: surfece anghe

'l R L
Ortentation Anghe {deg)

d: effective yorm dameier




“Prefohm Design and Manufacturing for Liquid Molding B

D.A. smnmmr(m_ne; Advisor: D. J, Witking

DEVELOPMENT OF PREFORM FIBER

_ OBJECTIVES ARCHITECTURE FOR LIGUID. MOLDING
B 6":"-‘: i o W“‘u‘ 100 Fiber Orienistion Processes  Frelorm Shaping Procssses

currenk

%mumw

effislent
m:&nb ly join separate

The Effects of Curvature and Thickness on
Impact Damage in Compoesite Structures

Prof. Fu-Kuo Chang, Stanford University

GOAL: Develop an analytical model to prodict fow velocity impact
damage and to study failure mechanisms (cracking, delam-
ination) in composite structures. Conduct éxpérimental

velidation of the theory.

) [

t

- Typiosl impact damage
_ Line ang point attorn in symmeiric
muehu 0, 901 commm-

e _— AP

Impact tost {acility

VG #47
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ossibfe uses for smart materials include
glaalifiy” submatine skins and composite
. [ wings to control vibeation in aircraft.

u Incoming sonar wave

strikes piezoelectric
sensor, negm‘nz a v'::’lace The i’i:'gdbuk
pulse, which Is then fed to amplifier processes )
the amplifier. the puise and sends a 3 As the attugtor
voitspe o the actuator, contracts, it scts e

ing it lo contract. a very soft or corhpliant
casine material, damping the
fefiected wave.

ot g
BRI o fien subjected o efectrical vollages
- e o et
fluids )
mw.u’:nmnlsolld.wm

Syitem, mmumb
fino-lene The fion of dex alrplane wing.

U.S. ARMY MATERIEL COMMAND

J

OFFICE OF THE CHIEF SCIENTIST
VG #48
( . i "
ROBUST CONTROLLERS
( to accommodate some delaminations and debonding )
Objective: Controllers designed to reduce the vibrations for a perfect structure may
not be used for a delaminated structureimay lead to instability?- We would like to
design robust controllers that can be effective for delaminated beams as well,
actuator
Delaminated Beam
. Z e

z " g - 2
e} (
. |- r_
< - c H
34 w ¢
o -, |

a !
el s :
8 O i ———— .
< j E) 1
2 < !
S 8 ;
g z° ;

TIMEIN SEC TIME IN SEC
Tip~response of 2 delsminated beam wsing a
coiivafter  that s designed for 2 perfect beam Tip response of 3 delaminated bewm using 2
robust  cowtrobler. ,
VG #49
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.

f BLADE VORTEX INTERACTION

P .

Objective: We would Iike to discuss h %ibility of controlig the magnitude of the
pressure pulse due to the interaction of the rotor. blade with sherl vortices of preceding
blades, by using actuation that changes the shape of the airfoil. -

uncontrotled

.« controlled

tVa/C

,Acxiv‘é control by the use of shape memory alloys or piezo electric actuators (to change
the shape of the airfoil) and optimum control techniques.

Georéla Tech

VG #50

r

U. 8. ARMY' MATERIEL COMMAND

CONCLUDING REMARKS

Diverse Mission

Stable Funding For Tech Base
Need For Advanced Materials

Need For Composite Materials

O O 0 0 O

Effective Technical Planning




